Abstract. The control valve operates at high operation frequency (up to 1,000 Hz) in the large pressure differences between the inlet and outlet of the valve. The flow and operation characteristics of a high-speed electromagnetic control valve are investigated using a commercial software, CFD-ACE+. It is found that maximum operation frequency of the control valve depends on the applied electromagnetic force and the aerodynamic force due to the pressure differences between inlet and outlet. It is expected that present results can be applied to the design of the high-speed electromagnetic control valve.
Introduction
Recently, the need of high-speed pneumatic control valve using electromagnetic actuators is increasing, due to its precision control capability, in the production line such as automobile, semiconductor, and flat panel display [1, 2] .
The development of high-speed control valves with accurate flow controllability and operation reliability requires the understanding of the flow characteristics due to the motion of the amateur inside the electromagnetic valve. The pseudo-static performance of the electromagnetic valve is investigated by using finite elements and other computational methods [3, 4] . However, the study on the operation characteristics of the valve is still very limited due to the complexity of the flow characteristics inside the valve, and the complete electromagnetics-dynamics-fluid mechanics coupling is still intractable. Recently, Han et al. [5] investigated the flow characteristics inside the valve and found that the flow characteristics are mainly related to the evolution of the shock structures along the flow paths.
In this paper, the operational characteristics of the high-speed electromagnetic control valve are investigated based on the numerical analysis of the threedimensional flow characteristics inside a high-speed electromagnetic control valve.
2
Configuration, Kinematics, and Numerical Method Fig. 1 shows the configuration and nomenclature of the electromagnetic control valve. As shown in Fig. 1(a) , the control valve has both electromagnetic and valve parts. The electromagnetic part has cores and coils whereas the valve part consists of inlet and outlet ports, housing, and an amateur. The amateur is forced to move up by the electromagnetic force. The electromagnetic force is generated by the current flowing through the coil which provides a large force enough to overcome the pressure differences between the upper and lower surfaces of the amateur.
The electrical characteristics of the electromagnetic part can be expressed using a Voltage equation for an electromagnetic circuit as follows
where, L e is the inductance of the electromagnetic circuit,  is a flux linkage, x g is the air gap length, i is the current of the coil. Eq. 1 can be solved if the magnetic characteristics of the electromagnetic actuator are known. The moving part of electromagnetic actuator can be represented by a mass, damper, and spring components, as follows
where, M is a mass of the mover, B is a damping coefficient, K is a spring constant, and F e is a force produced by electromagnetic flux when the coil is energized. F e can be calculated from the co-energy. From Eq. 1 -2, dynamic characteristics of electromagnetic actuator is obtained and represented as state equations
where, v is a velocity of the amateur. Fig. 1(b) shows the nomenclature of the valve part geometry [5] . The geometrical relation between these variables is as follows L=e+D+2C
When the amateur is moved to the top dead center (T.D.C.), the electromagnetic force is vanished. After then, the amateur will fall down by its gravity and aerodynamic forces. A sinusoidal function for the amateur's upward motion (upstroke) is as follows z(t)=0.5Dsin(ωt-pi/2)+0.5D, 0<t< T 1
where, ω represents the angular frequencies and has the value of π/T 1 . 
Results and Discussion
The amateur remains stationary at the bottom dead center (B.D.C.) and, after t>0, it is moved up by the electromagnetic force. Fig. 2(a) 
Conclusions
In this paper, the operational characteristics of the high-speed electromagnetic control valve are investigated based on the numerical analysis of the three-dimensional flow characteristics inside a high-speed electromagnetic control valve. It can be said that the operation frequency of high-speed electromagnetic control valve is mainly affected by the pressure difference between the inlet and outlet parts. Thus, the knowledge on the flow characteristics inside the valve and the amateur movement is very crucial to the design of the control valve.
It is believed that present results can be used for the design of the control law of the high-speed electromagnetic control valve.
